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Introduction and aim: The aim of this study was to investigate the relation between birth
weight and neonatal umbilical cord serum lipid levels. Patients and methods: Two hund-
red and three healthy newborns were studied in an educational hospital in the south-
west of Iran from April 2009 to April 2010. The newborns' birth weights were measured
and their neonatal ponderal indices (NPI) were calculated. Newborns were divided into
3 groups according to their birth weight: low birth weight (<2500 g; group 1), normal birth
weight (2500–4000 g; group 2), and high birth weight (>4000 g; group 3). The newborns'
umbilical cord serum was analyzed for its lipid proﬁle, including total cholesterol (TC),
triglycerides (TG), high density lipoprotein (HDL), very low density lipoprotein (VLDL),
and low density lipoprotein (LDL). The atherogenic index of plasma (AIP) also was calcu-
lated. Results: The mean serum lipid levels (TG, TC, LDL, and VLDL) were higher in
groups 1 and 3 than in group 2, but the HDL levels were not signiﬁcantly different. TG,
TC, HDL, LDL, VLDL, and atherogenic index had no signiﬁcant differences between gen-
ders (P > 0.05). TG, TC, LDL, and VLDL levels in low birth weight (LBW) and high birth
weight newborns were signiﬁcantly higher than in normal weight newborns (P < 0.05).
TC and LDL were signiﬁcantly lower in neonates whose mother's age  30 years compa-
red to older mothers (P < 0.05). TC and LDL were signiﬁcantly higher in group whose
mother's BMI  25 compared to >25. Conclusion: TG, TC, LDL, and VLDL levels in LBW
and high birth weight newborns were signiﬁcantly higher than in normal weight new-
borns. TC and LDL were signiﬁcantly lower in neonates whose mother's age  30 years
compared to older mothers. TC and LDL were signiﬁcantly higher in group whose
mother's BMI  25 compared to >25. Another prospective study with more sample size is
recommended to ﬁnding correlation between neonatal birth weight and cord blood lipid
proﬁle.
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Cardiovascular disease (CVD) is the most common cause of
disability and death in adults worldwide [1]. Besides genetic
tendency, an increased risk of CVD is associated with
lifestyle and various medical conditions, such as hypercho-
lesterolemia, hypertension, smoking, obesity, and inade-
quate physical activity. All of these cause CVD by develo-
ping atherosclerosis [2]. In addition, other factors such as
childhood or adolescent obesity and post-natal catch-up
growth can lead to CVD [3, 4]. Recently, the prevalence of
risk factors for CVD, especially obesity and hyperlipidemia,
has been increasing among children and adolescents [5, 6].
The effect of intrauterine factors on the emergence of these
risk factors also has been suggested [7]. Moreover, several
maternal and fetal factors, such as hypertension, diabetes,
obesity, and low or high birth weight, can inﬂuence fetal
plasma lipids [8–11].
Low birth weight (LBW) is associated with increased
incidence of CVD, hypertension, and type II diabetes [12].
Changes in blood lipids in LBW newborns with relative
insulin intolerance can increase the risk of CVD in adul-
thood. LBW is a risk of later atherosclerotic diseases that is
equal to smoking or hypertension at puberty [13–15]. There-
fore, it seems that a relation exists between birth weight
and mortality from CVD in adulthood [16]. On the other
hand, high birth weight is associated with increased insulin-
like growth factor-1 (IGF-1) that could change lipoprotein
composition and concentration at birth, and could increase
the risk of CVD [17]. This study examined the possible
relation between neonatal umbilical cord lipids and the risk
of atherosclerosis at puberty by determining umbilical cord
serum lipid proﬁles in healthy newborns with normal, low,
or high birth weight.
Methods
This epidemiological study was conducted from April 2009
to April 2010 on 203 healthy newborns in an educational
hospital in south-western Iran. The study was approved by
the Ethics Committee of Ahvaz Jundishapur University of
Medical Sciences, and written informed consent was obtai-
ned from all of the parents. The inclusion criteria were
gestational age between 28 and 42 weeks singleton preg-
nancy, no congenital anomalies, 5 minute Apgar scoreTable I – Weight distribution among study groups
Parameter 
Low birth weight Norm
Female (n = 29) Male (n = 25) Female (n 
Mean (SD) 1794 (473) 1838 (494) 3140 (34
Max 2400 2480 3900 
Min 870 800 2550 
SD, standard deviation; n, number.greater than 7, and vaginal delivery. The exclusion criteria
were infants with intrauterine growth retardation (IUGR),
history of maternal hypertension either before or during
pregnancy, preeclampsia or eclampsia, history of paternal or
maternal hyperlipidemia, maternal CVD, pre-gestational or
gestational diabetes, any history of maternal drug use
during or before pregnancy (except for vitamins, folic acid,
and iron), or a history of smoking.
The birth weight was measured with an electronic scale
(Seca Medical Scales and Measurement Systems, Birming-
ham, United Kingdom). The neonatal ponderal index (NPI)
was calculated according to the formula:




Newborns were divided into 3 groups according to their
birth weight: low birth weight (<2500 g; group 1), normal
birth weight (2500–4000 g; group 2), and high birth weight
(>4000 g; group 3). The newborns also were divided into
2 groups according to their mother's BMI (BMI  25 kg/m2or
BMI > 25 kg/m2) and age (<30 years and 30 years). Five
milliliters of cord blood were collected from the placental
end of the umbilical vein, and then the serum was separa-
ted by centrifugation. Serum lipid and lipoprotein levels
were measured using an enzymatic method in an autoana-
lyser (Hitachi, Tokyo, Japan), and further analyzed on the
same day to determine the lipid proﬁle, including total
cholesterol (TC), triglycerides (TG), high density lipoprotein
(HDL), very low density lipoprotein (VLDL), and low density
lipoprotein (LDL), using formulas which were described
previously [18]. The atherogenic indices of plasma (AIP) were
calculated as the LDL/HDL ratio and TC/HDL ratio.
Statistical analysis: Data were analyzed with SPSS 13.0
for Windows (SPSS Inc., Chicago, IL, USA). Results were
expressed as mean (SD). The Chi square and Mann–Whitney
tests were used to make statistical comparisons. A P < 0.05
was considered statistically signiﬁcant.
Results
A total of 203 newborns [104 (51.2%) girls and 99 (48.8%) boys]
were recruited in to the study. Of them, 54 infants (26.6%)
had LBW, 98 (48.3%) infants had normal birth weight, and 51
(25.1%) high birth weight (Tab. I). The mean total serum lipid
levels in these infants are compared in Table II. The mean
serum levels of TG, TC, LDL, and VLDL in groups 1 and 3 wereGroups
al birth weight High birth weight
= 50) Male (n = 48) Female (n = 25) Male (n = 26)
0) 3255 (307) 4133 (91) 4251 (143)
3800 4350 4550
2600 4020 4000
Table II – Comparison of lipid profiles in 3 study groups
Variables (mg dL1),
mean (SD)
Group 1 (n = 54) Group 2 (n = 98) Group 3 (n = 51) P-Valuea P-Valueb
TG 81.1 (33.0) 62.8 (13.9) 76.7 (18.7) 0.0001S 0.0001S
TC 85.2 (22.1) 75.4 (15.6) 86.7 (23.5) 0.005S 0.003S
HDL 30.4 (3.0) 30.9 (2.1) 31.6 (2.3) 0.32NS 0.06NS
LDL 38.4 (17.2) 31.5 (14.4) 39.4 (22.3) 0.009S 0.025S
VLDL 16 (6.5) 12.5 (2.7) 15.1 (3.7) 0.001S 0.001S
Group 1, low birth weight (<2500 g); group 2, normal weight (2500–4000 g); and group 3, high birth weight or macrosomia (>4000 g). S,
signiﬁcant; NS, not signiﬁcant. Abbreviations: Total cholesterol (TC), triglycerides (TG), high density lipoprotein (HDL), very low density
lipoprotein-cholesterol (VLDL), and low density lipoprotein (LDL).
a P-Value between groups 1 and 2.
b P-Value between groups 2 and 3.
Table III – Comparison of lipid profiles in both sexes of
newborns
Variablesa Female (n = 104) Male (n = 99) P-Value
TG 72.5 (25.6) 69.8 (20.2) 0.418
TC 82.1 (21.1) 79.5 (19.2) 0.364
HDL 31.1 (2.5) 30.7 (2.4) 0.252
LDL 36.1 (18.5) 34.5 (16.9) 0.515
VLDL 14.3 (5.0) 13.8 (4.0) 0.404
Abbreviations: Total cholesterol (TC), triglycerides (TG), high-
density lipoprotein (HDL), very low-density lipoprotein-cholesterol
(VLDL), and low-density lipoprotein (LDL).
a mg dL1, mean (SD).
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the mean amount of HDL in groups 1 and 3 was not
signiﬁcantly different from that in group 2 (P = 0.327 and
P = 0.065, respectively) (Tab. II). The mean TG, TC, HDL, LDL,Table IV – Atherogenic indices in different birth weights and s
AIP Group 1 Group 2 Group 3 P-Value
A 1.28 (0.6) 1.03(0.54) 1.2 (0.6) 0.011 
B 2.8 (0.7) 2.4 (0.5) 2.7 (0.7) 0.003 
Abbreviations: Atherogenic index of plasma (AIP); A – LDL/HDL ratio and B
weight (2500–4000 g); and group 3, high birth weight or macrosomia (>40
a P-Value between groups 1 and 2.
b P-Value between groups 1 and 3. M – male, F – female.
c P-Value between male and female.
Table V – Comparison of the cord lipid profile of newborns bas
Variables mg/dL, mean  SD Age 
30-Year (n = 167) >30-Ye
TG 70.1  24.1 76.3
TC 79.2  20.1 88.6
HDL 30.9  2.6 30.9
LDL 33.8  17.7 42.5
TG 13.9  4.7 15.0
a P-Value between age groups.
b P-Value between BMI (body mass index) groups.and VLDL levels did not show any signiﬁcant difference
between genders (Tab. III).
The TC/HDL ratio was signiﬁcantly higher in both groups
1 and 3 compared with group 2 (P = 0.003 and P = 0.018,
respectively), while the LDL/HDL ratio was signiﬁcantly
higher in group 1 compared with group 2, but did not show
any signiﬁcant difference between groups 2 and 3 (Tab. IV).
There were no signiﬁcant differences between males and
females for either atherogenic index (Tab. IV). There were 78
(38.4%) infants in the BMI  25 kg/m2 group, and 125 (61.6%)
in the BMI > 25 kg/m2 group. In addition, there were 167
(82.2%) newborns in the maternal age group > 30 years, and
36 (17.8%) in maternal age group  30 years. The mean cord
blood lipid proﬁles in newborns with mothers who had
a BMI  25 kg/m2 exhibited TC and LDL levels which were
signiﬁcantly higher than those in the BMI > 25 kg/m2 group
(P = 0.020 and P = 0.016, respectively) (Tab. V). The TC and
LDL levels were signiﬁcantly higher in newborns whose
mothers were more than 30 years old than those whoseex groups
a P-Valueb Gender P-Valuec
Male Female
0.067 2.6 (0.6) 2.6 (0.7) 0.629
0.018 1.1 (0.5) 1.1 (0.6) 0.661
 – TC/HDL ratio. Group 1, low birth weight (<2500 g); group 2, normal
00 g).
ed on the maternal BMI and age
BMI P-Value
ar (n = 36) 25 kg/m2 >25 kg/m2 a b
  17.1 74.2  20.2 69.3  24.6 0.148 0.138
  19.3 85.0  21.7 78.2  18.8 0.011 0.020
  1.7 31.0  2.1 30.9  2.7 0.915 0.947
  16.3 39.1  19.0 33.0  16.5 0.007 0.016
  3.4 14.7  4.0 13.7  4.8 0.186 0.137
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respectively) (Tab.V).
Discussion
Measurement of serum lipoproteins in infancy and child-
hood could be predictive for lipoprotein disorders and CVD
in adulthood since LBW is an important risk factor for CVD,
especially in low income countries [19].
This study showed that the lipid proﬁles in male and
female infants were not signiﬁcantly different from each
other; however, the mean levels of all lipid indicators for
newborn girls were higher than those for boys. In contrast,
Kelishadi et al. [20] showed that all lipid levels in female
newborns are higher than those for boys, but only the TC and
HDL levels are signiﬁcantly higher in female newborns. Badiee
et al. [21] reported that the levels of TC, LDL, HDL, and TG in
female newborns were signiﬁcantly higher than the levels for
boys. In the study by Kharb et al on 100 Indian healthy
newborns, cord blood of female newborns had higher TC,
HDL-C, LDL-C, APO I and AI as compared to male newborns
[22]. Another study also reported similar result [23]. The
difference between our result and others may be the fact that
we compared males and females regardless of birth weight.
Kumar et al. [24] showed that TG levels are higher in
LBW newborns and concluded that cholesterol levels were
not affected by birth weight. Koklu et al. [25] showed that
TG, TC, LDL, and VLDL levels in macrosomic neonates are
clearly higher than those of normal birth weight neonates.
Donegá et al. [26] showed that the levels of TC, LDL, and
HDL in preterm newborns are higher than those in full term
newborns, but TG levels in preterm newborns are lower
than those in full term newborns. They also found that birth
weight was not related to umbilical cord lipid levels. In the
study by Nayak et al., TG level of SGA babies was signiﬁ-
cantly higher as compared to appropriate for gestational age
group [27]. In the study by Yonezawa et al. on 103 AGA
neonates, they found that preterm neonates had lower TG
concentration [28]. In our study, the TG, TC, LDL, and VLDL
levels in LBW and high birth weight neonates were higher
than those in normal weight newborns. As a result, our
study suggested that birth weight may be related to umbili-
cal blood cord lipid levels.
The cholesterol levels in umbilical cord blood were lower
than those in adults. Since total cholesterol increases after
birth, it is possible that the total cholesterol levels of preterm
neonates are similar to or lower than those in full term
newborns. However, our results showed the cholesterol levels
of the premature group were substantially higher than those
of the full term group, which is in agreement with a previous
report [8]. Moreover, our study indicated that this difference
exists even though the premature neonates were near full
term, with a gestational age between 35 and 36.6 weeks.
Pardo et al. [29] used atherogenic indices and showed that
the AIP did not differ between genders, but preterm newborns
had higher levels than full term newborns. In our study, the
TC/HDL ratio was higher in both the LBW and high birth
weight groups compared with the normal newborn group,
while the LDL/HDL ratio was higher in the LBW groupcompared with the normal weight newborn group. However,
there was no signiﬁcant difference between the high birth
weight and normal weight newborn groups. In addition, there
were no signiﬁcant differences between males and females
with regard to the TC/HDL and LDL/HDL atherogenic indices.
Since the newborns' lipid indices could be affected by
maternal factors, such as BMI [20], infants whose mothers
had a BMI  25 kg/m2 had higher TC and LDL levels than
infants whose mothers had a BMI > 25 kg/m2.
Kelishadi et al. demonstrated that mothers with
a BMI  25 kg/m2 before pregnancy had higher cord blood
TG and mothers with a BMI > 18 kg/m2 had lower HDL levels
[20]. In our study, the roles of both maternal BMI and age
were examined, and it was shown that newborns whose
mothers were younger than 30 years old and had
a BMI > 25 kg/m2 had higher TC and LDL cord blood levels.
However, Badiee et al. [21] showed that the cord blood lipid
proﬁles in newborns were not affected by maternal factors,
such as BMI and age. In the study by Nayak et al., they
found that maternal BMI had no effect on neonate's lipid
proﬁle [27].
Finally, the sex of newborns does not have any effect on
umbilical cord lipids. The TG, TC, LDL, and VLDL levels in
LBW and high birth weight newborns were signiﬁcantly
higher than in normal birth weight newborns.
TG, TC, LDL, and VLDL levels in LBW and high birth weight
newborns were signiﬁcantly higher than in normal weight
newborns. TC and LDL were signiﬁcantly lower in neonates
whose mother's age  30 years compared to older mothers.
TC and LDL were signiﬁcantly higher in group whose
mother's BMI  25 compared to >25. Another prospective
study with more sample size is recommended to ﬁnding
correlation between neonatal birth weight and cord blood
lipid proﬁle.
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